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TES Version 3 Data

The Version 3 TES data includes:

s Limb profilesivalidiinto the upper troposphere

s, Improvements torthe temperature retrieval due; to updated CO2
spectroscopy.: from AER

Improvements to the methane retrievals

Species dependent quality: controlf infiormation

Use oft GMAO GEOS-5 products ini L2 retrievals
= FO4 04 in filename

'{ 587Version 5/ datal products began precessing January

Complete; reprocessing complete ~Nov: 2007

[ES datal and decumentation can be found:
s [Langley Atmespheric Science Data Center eosweb.|arc.nasa.goy.
s Aura Validation Data Center avdec.gsic.nasa.goy.

Pl

et Pro pul n Laboratory
California Institute fTach ology




TES Version 2 Data

The Version 3 TES data includes:
= Limb; profiles valid in the; stratosphere
x Methane and limb retrievals are of

s Species dependent: guality: control infermation
s Use off GMAO GEOS-4 preducts;in L2 retrievals

s FO3_ 05 in filename
s 05, CO, H20, HDO, TATM!, SST validated withr known
DIASES

Completely: processed! (Sep 2004 — Dec 31, 2006)




TES Validation Status (Oct 2007)
for' Version 3! Data

Nadir'Ozone Validated Stage 2

Nadir Carbon Monoxide Validated Stage 2

Nadir'Water Validated Stage 2

Nadir Temperature Validated Stage 2

Sea Surface Temperature Validated Stage 2

Land Surface Provisloszilly Vzlldzigged
Temperature/Emissivity

Nadir' Methane Provisiosnzilly Vzlldzregdd

Nadir HDO Validated Stage 1 *

Limb Nitric Acid Provisloszilly Vzlldzigge

Limb Ozone Provisiosnzilly Vzlldzreged

Limb Temperature Provisiosnzilly Vzlldzregdd

Limb Water Beta (Validation Ongoing) =

PO ——— - | (514
California Institute of Technology




Validation Status Definitions

ferm Definition

Early release products for'users to gain
Beta familiarity with data formatsand
parameters.

Limited comparisons with independent
Provisional sources have been made and obvious
artifacts fixed.

Uncertainties are estimated from independent
measurements at selected locations and
times. ** TES L2 retrievals include fully
characterized error estimates **

Validated Stage 1

Uncertainties are estimated from more widely.

Sallhiad Stz 2 distributed independent measurements.

Uncertainties are estimated from independent
Validated Stage 3 measurements representing global
conditions. B =
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California Institute of Technology




TES Validation Papers

Primarily tusing MES V002 data
MiShephard — L1BrRadiances
RENassar — Nadir Ozene (Ozenesondes)
NFRichards — Nadir ©zone; (Lidar//a sitv)
G Osterman — Nadir ©zone (Strat/Colunin)
M Lue — Carbon Menoxide (DACOM)

Jillopez — Carbon Moenoxide (Argus/ALIAS)

MiShephard — Water Vapor (Sondes)

R Herman — Atmospheric Temperature (Sondes, alrcrafit)
D Trremblay’ — Water Surface; llemperature

A Eldering — Cleuds

Mi Coffey (2) — Ozone, HNO3 (NCAR FIS)

M Schoeberl — Tiropespheric Ozone, Column




TES Validation Report
for VOO3 Data Products

Available on TES websites — Octi 15, 2007
s Pending JPL Doecument Review.

Eirst time; fior sections oni [imb; product:

and methane
Analysis of V003 nadir products

TES Validation Report focusing oni V002
data products available since December
2006




Comparisons with Scanning-HIS, N

= Agreement better than 0.3 K
for Bl 290-295 K
= Adgreement better than 0.5 K
for BT 265-270 K
Comparison WithrAIRS (Adua)
Shgvlzs agreement to better than

TIES optical bench warm UF In
December 2005 gave 4-fold
IRCrease ini signall ter noeIse; ratio
at higher firreguencies
(Important for CO)

TES sea surface temperature
comparisons to Reynolds
Optimally: Interpoelated! product
demonstrate; radiometric
stability

TES- ROI Difference (K)

M Shephard et al., 2007 JPL
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TES Nadir Ozone
\/alidation

Seasonal/lLatitudinall statistics with
0ZONESONde; COMParisens

Highi bias ef 3-10 ppbv: (sendes)
Highi bias of ~7 ppbv: (DIAL Llidar)
Stratospheric column ~3 DU high

compared with MLS

Tietall column; ~10 DU high compared
with OMI

Atmospheric variability affects the
observed! differences

Relative variations' in ozone measured
by TES meaningful

Analyses primarily: using V002 data
R Nassar et al., 2007

N Richards et al., 2007
G Osterman et al., 2007
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AIRS and TES Ozone at
273 mb - Oct 7, 2005

tober 7, 2005 daytime - 273 mbl;’
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B Irion — AIRS Trace Gas Talk — Wed 1:30 PM
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V2 — V3 Ozone Comparison

03, 618 mbar, 7/11/06—7/31/06 FO4 03, 618 mbar, 7/11/06—7/31/06 FO3
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V2 — V5 Ozone Comparison

03, 287 mbar, 7/11/06—7/31/06 FO4

03, 287 mbar, 7/11/06—7/31/06 FO3
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J Logan, R Nassar & | Megretskaia

Comparisons with DIAL Lidar for
INTEX-B look slightly different
when repeated with TES V003

Comparisons with OMI total
column ozone and MLS
stratospheric ozone using V003
are consistent with V002 results

y
et Propulsion Laboratory
California Institute of Technology
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AVE-Houston: Oct 2004 CR-AVE: Jan 2006 CR-AVE: Jan 2006 N(;.A
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AVE-Houston: Oct 2004

TES - Argus
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Carbon Monoxide Update
VO3 vs V02

Major change: Relaxed constraints fox latitude
pins 54-90°N and 54-90°S’ (same as those of
18N/S — 54 N/S); and

Smalll effects! firom' updates for VO3 temperature,

OZORE, Water etc.

Noticeable differences: High latitudes: Larger
Variability’— see sample figures Delow.

Comparisen to the in situ'measurements: No
change ini conclusions for mid-latitudes (INTEX-B)

M Luo et al., 2007




V003 retrieval uses additional
microwindows ini the CO2 v2
band! (2B1 filter) at: 650 to 800
cm

Tiop: TES v002 compared with
RS-90/and RS-92 sondes; (left),
and sondes relative to GMAO
GEOS-4 (rlght)' -6 -4-20 2 4 6 -6 -4-20 2 4 6

Bottom: TES v003 compared with 1 meon(lEs = sonde) (9 f meonllES 16 = sonde) (9
RS-90iand RS-92 sondes, (left)  { E

and sondes; relative to GMAO
GEOS-5 (right).

vO03 T bias, is improved except
for cold bias at 400-500 hPa, and
warm bias at 800 hPa. GEOS-5
has a warm bias at 300 hPa.

Pressure (hPa)

(hPa)
8

-6 -4 -2 0 2 4 & -6 -4 -2 0 2 4 6

M R Herman et al., 2007 T meon(ES ~ sonde) (K) T meanTES 1G. - sonde) (K)
te

el F[Uw 1510M Laporawry
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adir Temperature

WAVES Comparisen

22 sondes launched
during WAVES! 2006
compared with IES
transect special
ODSErVations.

NES V005 temperature

DiasiIs Improved except

fior cold bias at 400-500
hPa.

GEOS-5 has a warm bias

at 200 hPa relative to the
SONAES,

R Herman et al

., 2007
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Nadir Water Vapor

(TES - sn-nde},.r"sunde {TEE l snnda}fsﬂndu

g g
= £
; §
i 2

100
Diflarance (%)

Cloud O

M Shephard et al.,

Difference (&)

tical Depth <0.1

2007

Globall NCEP RS0ranad
R92 sonde comparison

\/002 data

Coincidence with 100 km
and 3/ hours

TIES always mojst
compared! to sondes

20% bias between 300
400 hPa

10-15% biasiin;lower
troposphere

Imprevement when
filtered for cloud optical
depths < 0.1

Known errers with
sondes make; it difficult
to draw' meaningful
comparisens

California Institute of Technology



Nadir Water Vapor

(TES - sonde)/sonde (TES - sonde)/sonde
: B i R

a Y
= A=
T =
5 5
: :
a o

Difference (&)

ptical Depth <0.1

M Shephard et al., 2007

\/003 data

5% Improvement below 500
hPajover V002

5=10% difference: below: 700
hPa

Increases tor ~20%: at 400
hPa

Comparisen to) CEH
measurements (net shown)
s 5-10% below 700 hPa
s 5-40% for 300-700 hPa

Radiance closure experiment
(not: shown) suggest
differences)in middie/Upper
troposphere cannot be fully:
accounted for by known
systematic; error

= Spectroscopic? Sampling

Errors? Jpl_

et Propulsion Laboratory
California Institute of Technology



SST Temperature

V002 TES data
Comparisons of TES clear sky

observations te; Reynolds
Optimally’ Interpoelatedi data

s 0.04 K (Day)

= -0.17 K (Night)
Comparisons to AMSR-E

= -0.06 K (Day)

s -0.09 K (Night)

Clear sky RMS Error of 0.2 —

0.45 K withrannual variation: of
0.1 K

Comparison to;in;situ
measurements on Lake Tahoe
s Bias of 0.33 K

Changes in SST for V003 are
minor

MD Trembley, M Lampel et al., 200
te

Temperature (K)

Water Surface Temperature, Run 3060

""""""""""""""""""""""""
I In=Situ Mean @ —————— TES Retrieved |
L In-Situ +/— 1 Sigma: _._. Bad Quality Flag [ 1

In—Situ Mean = 293.37 K
Retrieved Mean = 293.68 K

L P S T SR T S S SR T AN T S T S S T SO S SN NN SN ST T ST T SO S S
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Scan 1D

Histogram of WST Difference (Retrieved minus In Situ)
—_——

i Mean = 0.33 K
STID = 0.20K —
0.0 0.5 1.0
Temperature Difference (K)
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Validation of TES HDO/H20

Based! on limited data for
validation and model
comparisens TES
measurements’ are biased
by ~5%

Similar distributions When
compared: to ALIAS

Similar glebal distributions
to those from models

= Increased depletion with

latitude
John Worden, Christopher Webster, and David Noone

s [Decreased depletion near
; i JPL / Caltech and U. Colorado
Fegions| Off Convection ' e

Water Vapor (VMR)

Aura TES and WB-57 ALIAS

Rayleigh Condensation

delta—D (per—mille)

J Worden et al., 2007 JPL
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Initial comparisens to
DACOM (INTEX-B) and
ground based EIFIR
(column)

TES is ~5% high in
column measurements

Bias Is seen| between
150-500 hPa when
compared to DACOM
during INTEX-B

Limited validation data
In free troposphere

B Fisher

Methane

Difference distributian

0,0
(TES—FTIR) /FTIR

Pl
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Nitric Acia

Comparison withi MLS and
SAGA (IDC-8) during INTEX-B
TES cannot reach the

troposphere due to limitations
of clouds

Comparison with MLS show,
similar spatial patterns in the
stratosphere

Comparisons with CIMS (WB-
57) during CR-AVE show
consistent spatiall distributions
(not shewn)

S Kulawik
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¥ » «

Pl

et Propulsion Laboratory
California Institute of Technology




Limb; Temperature

TES cannot reach the
troposphere; due to
limitations ofi clouds

Llimb data shows' a warm
bias in the lower
stratesphere that Increases
withr altitude

Spatial patternsiin the
nadir and limb’ datarare
Similar

R Herman

California Institute of Technology




Limb; Ozone

Comparison with TES nadir
profiles

Spatiall patterns in the
nadir and limlrdata are
similar

TES limbivalues lower than
nadirin regions ofi peak
sensitivity for both
MEasuUrements

Pressure (hPa)

R Herman

TES Mean Nadir, Limb 03

VI

XG
© Nadir 03 %

2000

4000 6000 8000 10000
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Limia Water

TES Limb Retrieval: of for HZO, Run = 2317

Working to understand our
limb; water retrievals' better

Poor throughput
Poor sensitivity
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TES Validation Data Reguirements

» TES team feels the current validation data sets are
sufficient for current and future validation analyses but ...

Species Requested Data Reason

More Scanning-HIS data for
L1B Radiances AIRS, Scanning-HIS monitoring of L1B data
quality.

CFH sondes — Clear sky,
Ocean scenes (Separation of
effects for systematic errors

— AER)

TATM, H20, O3 Ozonesondes, CFH sondes

High latitude sondes to

Nadir O3 Ozonesondes improve statistics (ARCTAS)

Data between 500-700 hPa
(ARCTAS)

Profile data
[ Y

e




Future, Validation Analyses

IHIgh bias; in nadiif 6zene; iImprevement in nadir
temperature profiles

= Use current set-off sonde measurements
= [ES V004 data = 2008

Continued validation of limb: preducts
HDO, Methane

Nadir ozene, in the: stratesphere, limb ozoene
using MLS, HIRDLS

Openi tor other'ideas and collaboerations for
“science related™ validation analyses




SUmMmary.

All* TES nadir products have beenivalidated and
canl be used In scientific studies

s ~Methane s still' preblematic

s Documentediin JGR papers and Validation Reporit

Limor products; previsionally: validated

V003 TIES datalis an imprevement fior nadir
temperature, nadir Water vapor and Sea suriace
tEmperatctre

s [Less clear'is hew MUCEh 0Zone has improved

x Carbon moenoxide; hasiincreased variability in: polar
fegions
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2007 — Validation Activities

SAUNA-2 (February.— Marchj)
INNEEXEBAMEEting(VarciirZ007)

PapErSHoAUarSPECIRINSSIHE OGRS
Atmespheres (April)

iexastA@SHVIEEHRENIVaY)

WAVES 2007 (July'— August)
NIC-4'and Ticosonde (July-August)
MOHAVE (Octoeber)
AurarValidation\VE Meeting ((OCLeBENR)




<~ TES 03 Validation: 2
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Ozone Column

'I[;IlEJS biased highiin totall O3 column by 8-15

= Related to differing| sensitivities

= Much higher than the difference in IG

= Some; latitudinall variability,

TIES biased highicompared to MLS above 100
hPal by 3-5 DU

Hightbias off ~4: DUl iR tropospheric; column
compared! to sondes

=, Consistent with profile comparisons

Histogram of TES - sonde

[ Mean diff: 3.6 DU
- St dev: 6.8 DU

15 [ Nlumber of obs: 1425

10:—

Y% cases

-40 -20 0 20
Difference TES - sonde (DU)

Osterman et al., 2007
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D
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1000

Difference in Total 03 Column

| Mean Diff = 9.84
F Std Dev = 14.3
L Number Obs = 12010

vy

—40 -20 0 20 40
Difference (TES—OMI) in DU

ifference in 03 Column Above 100 hPa
4000 F T T

L T — 1 T
- Mean Diff = 2.64

[ Std Dev = 13.2
[ Number Obs = 35267

—40 —-20 0 20 40
Difference (TES—MLS) in DU

California Institute of Tschnblogy



1.0 1.5 20
Degrees of Freedom of Signal

AIRS - OMI relative difference
vs AIRS DOFS
October 7, 2005 Daytime

(AIRS - OMI) / OMI (%)

Ozone Column (DU) . o Some outliers not shown

25

] 15 20
AIRS O; Degrees of Freedom of Signal

B Irion 0 20 40 60

Latitude (°N)
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October 7, 2005 daytime - 273 mb]; 7
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8y [October 7, 2005 daytime - 2
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“AIRS and TES Ozone at 273, 547 mb - Oct 7, 2005~ -

v5 AIRS vs v2 TES O; October 7, 2005 daytime

Marker size proportional to AIRS DOFS (0.9 - 2.4)

T 273 mb " 547 mb

107
ol

AIRS ozone
[ ]
e
L J
[} ) x
[ ]
o
.
bR
de
- g
®

r=075 r=055
linear fit weighted by AIRS DOFS linear fit weighted by AIRS DOFS
10 8 2 3 4 5 6 7 8 9 : 7 2 3 4 8 9 : 7
10° 10° 10° 10°
TES ozone TES ozone
-80 -40 0 40 80

Latitude (°N)

B Irion JPL

et Propulsion Laboratory
California Institute of Technology




Corzris o)

—~ ” 1, o~
20lrcss

AVE
(Argus)
CR-AVE

(Alias)

INTEX-B
(DACOM)

MOZAIC

-

Carbon Monoxide

Prograss

Data from Sept 20-21, 2004.
JGR paper under review.

Time trends with ACE data in
upper'trop

One day 2004 data with MLS
in upper trop

Comparisons' made AVE-04;
paper will'go to special IGR
issue

Comparisons made; paper
will go to special JGR issue

Comparisons made Sept 04 —
May 05

Hasulis [ vroolams

Good agreement in/global patterns

Influence of'a priori constraints on CO retrievals
of both instrument. The agreement much
improved after adjusting the retrieval with &
prioriinfo:

Good agreement with ACE
MLS being too high

Agreement within CO area variability and the
estimated! errors of 10-20%s.

Agreement within CO area variability and the
estimated errors of 10-20%. in  Houston area.

Agreement within CO area variability and
estimated errors of 10-20% in most airports.

= oo ratory
California Institute of Technology




TES CO Monthly Means: V002 vs V003
: Feb 2006, P = 681.3 hPa : Feb 2006, P = 681.3 hPa
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TES CO Monthly Means: V002 vs V003
: Feb 2006, P = 681.3 hPa : Feb 2006, P = 681.3 hPa
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TES CO Monthly Means: V002 vs V003
: Feb 2006, P = 681.3 hPa : Feb 2006, P = 681.3 hPa
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SST llemperature
VO3 — V02

V005! TTES data’ compared
against V002

8/ glebal surveys frem 2005
and 2006

Initial guess fior V003! comes

firom GMAO GEOS-5

Preliminary: results (no cloud
fitering)

G Osterman

Percent Difference in TSUR

Number of Foints = 32470
Mean Diff = 0.078670 T
S5td Dev = 0.B5867

10

Mean Diff = 0.20187
Std Dev = 2.2727

et Propulsion Laboratory
California Institute of Technology




Nadir Temperature

Seasonal Variation
Sept
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Initial comparisens to
DACOM (INTEX-B)
and groundibased
ETIR (column)

TES is ~5% high in
column
measurements

Bias is seen| between
150-500'hPa

Limited validation
data In free
troposphere

B Fisher

California Institute of Technology
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SCIAMACHY CH, Total Column
Averaged VMRs

(E) JJA SCIAMA CHY (A) DI SCIAMACHY

CH, VMR (ppb)
1820

Frankenberg et al. 1A!EBL
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Nitric Acid

Comparison withi MLS and
SAGA (IDC-8) during INTEX-B
TES cannot reach the

troposphere due to limitations
of clouds

Comparison with MLS show,
similar spatial patterns in the
stratosphere

Comparisons with CIMS (WB-
57) during CR-AVE show
consistent spatiall distributions
(not shewn)

S Kulawik

et Propulsion Laboratory
California Institute of Technology
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Limb Water

Working to understand our
limb water retriievals better . S

Poor throughput

o
u-:
@
~
o0
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bad
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g
o)
[
T

0.001

0.000

Good =38
Total = 878

B Herman
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2006 — A busy year for
validation activities

CR-AVE and Ticosende (January: 2006)

ARM — Seuthern Great Plains Sendes) (January, —
February)

INTEX-Brand MILAGRO! (Marchi— May)

IONS 2006 (Mareh — April, Atigust)
SAUNA: (Mareh — April)

WAVES (July: — August)

Tiexas AQS, (Augusti— September)
MOHAVE (October)




TES L2 Data Products Update —
Version 2 (V002)

TES Version 2 data has processed: for all TES runs since launch
= All' processing goals were met for this version
Significant IMprevements over previeus VEersion
s 1B’ calibration; improevement
x [-2 algorithmy IMproVeEMENts
s More extensive guality: control information
Version 2 includes HDO! asf a standard product
Version 2 includes the first limb retrievals
s Stratosphere only fior this version

Data available at the LLangley: Atmospheric Sciences Data Center
(ASDC)

Infermation on'using TES datal in'the 7£5 L2 Data Users Guide
available;at the [langley: ASDC or'thel TES website

Pl
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TES L2 Data Validation Overview:

TIES Version 2 Nadir ozone data show! improvements forx comparisens to
boeth ozonesondes andlidar (Talks by’ R. Nasser, N. Richards and:H.
\Worden in: the Tietal/lirop Ozone Validation subgreup)

Carbon menoxide measurementsi taken after Dec 6, 2005 are; significantly.
imFroved due te an optical bench warmi up; (Talk by M. Luo in the €O
Validation; subgroup).

Validation| results for nadir proefiles off water, temperature and HDO! ook
promising (Talksi by R. Herman in' the Water and liemperature Validation
subgroups):

[Simb’ data fior nitric acid, 0zone; and temperature are In: the preliminary.
stages (Talk by'S. Kulawik ini the HINOS Validation subgroup):

A summary. ofi the status off TES L2 validation will berprovided inithe TES L2
Validation; Report (V2.0)r available inf October 2006.
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